Background. Drug users (DUs), a population that accounts for some of the fastest-growing human immunodeficiency virus (HIV) epidemics globally, lag behind other populations with regard to HIV-related outcomes. We evaluated the role of voucher incentives on linkage and retention in care among DUs in India.
(4) retaining HIV-infected persons in care, and (5) ensuring that HIV-infected persons on ART suppress virus [3] . To be successful, this strategy must encompass all populations including those hardest to reach (eg, drug users [DUs] ). DUs account for some of the fastest-growing HIV epidemics globally; ART coverage is significantly lower in countries with epidemics driven by drug use, particularly in low-and middle-income countries [4] .
India is home to the largest number of opiate users globally (approximately 3 million) [5] . We have previously demonstrated high HIV prevalence among DUs in Chennai (approximately 25%) [6, 7] , coupled with high AIDS-related mortality, especially among those with advanced disease [8] . These data collectively suggest poor access to ART and an urgency to develop interventions to improve linkage to care and ART initiation in this vulnerable population.
A key barrier to ART initiation, particularly among DUs, is that it requires a delayed gratification perspective. It has been theorized that individuals disproportionately prioritize current issues over future ones ( present-biased). Thus, they overvalue present inconveniences or losses of time as those experienced when visiting ART centers compared with the future benefits of ART (eg, prolonged survival). Behavioral incentives are intended to overcome this barrier [9] . Behavioral incentives have been demonstrated to be effective in promoting favorable outcomes including reducing illicit drug use [10] , smoking cessation [11] , weight loss [12] , and returning to collect HIV test results [13] . Pilot studies have also suggested that incentivebased strategies can improve ART adherence in the United States [14] [15] [16] . However, to date, no published studies have examined the impact of incentives on linkage and retention to care and treatment outcomes among HIV-infected DUs.
Accordingly, we conducted a pilot randomized clinical trial (RCT) to examine the impact of voucher incentives on time to ART initiation among ART-naive, ART-eligible DUs in Chennai, India.
METHODS

Study Setting
This study was conducted at the YR Gaitonde Centre for Substance Abuse Research (YRGCSAR), established in November 2004 [7] . YRGCSAR provides HIV counseling, testing and basic medical services to DUs. Patients requiring ART are referred to government facilities where ART is available free of charge [17] .
Study Population
The study population comprised individuals receiving care at YRGCSAR and participants referred to the clinic by outreach workers/organizations working with DUs. Screening procedures included an interviewer-administered questionnaire, HIV serologic testing, and CD4 + testing among HIV-positive subjects. To be eligible, participants had to (1) be aged ≥18 years, (2) provide written informed consent, (3) report injection or noninjection drug use in the prior 30 days, (4) have documented evidence of HIV-1 infection, (5) be ART naive (selfreport), and (6) satisfy Indian national guidelines for initiation of ART at the time [18] . This study was approved by the YRG-CARE and Johns Hopkins Medicine institutional review boards.
Randomization
Eligible participants who provided consent were randomly assigned to the incentive (INC) arm or the control (CTL) arm. Blocked randomization with randomly varying blocks of 2, 4, and 6 at a 1:1 allocation ratio between the INC and CTL arms was used to generate a randomization list. Opaque envelopes with study arm assignments were numbered and opened sequentially when subjects were enrolled.
Study Procedures
Study visits occurred at baseline and at 3, 6, 9, and 12 months. Demographic information was collected at baseline. Government ART centers provide HIV-infected patients with treatment registers, which patients keep in their possession. Government physicians/nurses document information including visit dates, ART initiation date, medications prescribed, refill dates, and selected clinical and laboratory results in these registers and sign the register at every visit. Study participants were instructed to bring their registers to study visits, where relevant data were abstracted. Blood samples were collected at baseline and at 6 and 12 months. Samples were tested for CD4 + cell count (FlowCARE PLG, Beckman Coulter) and HIV RNA (COBAS HIV-1 Monitor, Version 1.5, Roche Molecular Diagnostics) according to manufacturers' instructions. Government ART centers prescribed 3-drug regimens containing zidovudine or stavudine plus lamivudine plus nevirapine or efavirenz, according to standard care in India at the time.
Intervention and Control Conditions
Participants in both arms were referred to a government ART center with a referral letter. Participants in the INC arm were given voucher incentives for achieving specific targets ( <400 copies/mL). Vouchers could be traded for groceries (rice, lentils, etc) or household items (toothpaste, soap, etc). The incentives for visit attendance and ART initiation were worth 200 Indian rupees (INR; equal to USD4) each and the incentives for HIV RNA suppression were INR 400 (USD8). INR 200 is approximately the daily wage for an average DU in Chennai [19] . Participants in the CTL arm were not offered incentives for treatment targets. However, because complete absence of vouchers might be perceived as unfair and influence behaviors in unanticipated ways or lead to differential dropout [16] , we offered CTL participants the opportunity to win vouchers in "prize-bowl" drawings unlinked to target behaviors. There was one prize bowl for INR 200 prizes (equivalent to base incentive in the INC arm) and a second prize bowl for INR 400 prizes (equivalent to HIV RNA suppression incentive) ( Table 2 ). Each prize bowl had 100 cards. Fifty said "Congratulations! You have won!" and 50 said "Sorry! Better luck next time!" Cards were replaced in the bowl after each drawing, such that each bowl always contained 100 cards and the probability of drawing a winning card each time was 0.50. The prize-bowl drawings were designed to mimic incentive opportunities in the INC arm. For example, at the 3-month visit, each CTL subject was given 4 drawings from the INR 200 prize bowl, corresponding to the 4 opportunities an INC subject would have to earn INR 200 incentive vouchers during the first 3 months following randomization (ie, 3 monthly visits to the government ART center and 1 for ART initiation). Details on incentives and prize-bowl drawings were provided in the consent form.
Statistical Analyses
The primary outcome was time to ART initiation at a government ART center. Participants' HIV treatment registers were reviewed to identify whether ART had been initiated. Study staff confirmed data on clinic visits and ART use from participants' registers with the records maintained at the government centers to minimize manipulation of the treatment registers by study participants to earn incentives. Secondary outcomes included number of visits made to the government ART center (within visit windows) for routine clinical follow-up and/or ART refills; median change from baseline in CD4 + count, and proportion with HIV RNA <400 copies/mL at the 6-and 12-month visits. Primary analyses used an intention-to-treat approach. Mann-Whitney U test and χ 2 tests were used to compare continuous and categorical variables between the study arms, respectively. Kaplan-Meier curves and log-rank tests were used to compare time to ART initiation between the study arms. For viral suppression, missing values were considered detectable. Cox regression was used to identify factors associated with ART initiation; coefficients were expressed as hazard ratios (HRs). Factors that were associated with the outcome at P < .1 in the univariate analysis or deemed important a priori (eg, sex) were included in the multivariate model. This pilot RCT was designed as a feasibility study to determine the effect size of voucher incentives on ART initiation. Assuming that overall 50% of participants would initiate ART, a 2-sided α = .05 and 80% follow-up, we determined that a sample size of 120 would have 80% power to detect a relative hazard of ≥2.2 for ART initiation. For viral suppression, we had 80% power to detect a difference of 27% between study arms assuming the prevalence of viral suppression in the CTL arm ranged from 10% to 60%.
All statistical analyses were conducted in Intercooled Stata version 11.1 (StataCorp, College Station, Texas).
RESULTS
Study Participants
Two hundred fifty-four participants were screened between December 2009 and September 2010 to recruit 120 participants, and 94 participants returned for the 12-month visit (Figure 1 ). Nineteen deaths were observed (mortality rate, 17.9 per 100 person-years [ py]; 95% confidence interval [CI], 11.5-28.0]), and no statistical difference was observed between arms. Seven deaths were tuberculosis related and 3 were non-AIDS related based on verbal autopsy.
The median age was 38 years, and 91% were male. All participants who had hepatitis C virus serology data (n = 53) were seropositive. The median baseline CD4 + counts in the INC and CTL arms were 248 and 268 cells/µL, respectively, and the median HIV RNA values were 5.06 and 4.75 log 10 copies/mL, respectively. The INC and CTL arms were similar with respect to demographic, clinical, and laboratory characteristics at baseline (Table 3) .
Implementation of Incentive and Control Conditions
The Linkage to Care, ART Initiation, and Retention
Significantly more participants from the INC arm visited a government ART center (49 vs 33; P = .002; Figure 2A ). Twentyseven (45%) participants in the INC arm and 16 participants (26.7%) in the CTL arm initiated ART (P = .04). Participants in the INC arm initiated ART sooner than participants in the CTL arm ( Figure 2B ; P for log-rank test statistic = .015).
In univariate analyses, the only factor significantly associated with ART initiation was study arm ( 
DISCUSSION
In this pilot randomized trial, we demonstrated that modest nonmonetary voucher incentives were associated with higher rates of linkage to care, ART initiation, and retention in care among DUs in India. However, no differences were observed in HIV RNA or CD4 outcomes. While improved rates of linkage and retention in this hard-to-reach population are a promising sign of the potential of voucher incentives, additional study is needed to determine whether the lack of clinical impact is the result of unintended negative consequences of the voucher incentives or the need to more directly target behaviors leading to viral suppression.
HIV-infected DUs are a disenfranchised, vulnerable population with high levels of mortality primarily due to delayed access to care [20] . Despite the rapid scale-up of ART in low-and middle-income countries, ART uptake has lagged behind in countries with drug use-driven epidemics. For example, in sub-Saharan Africa ( predominantly heterosexual), 49% of ART-eligible individuals were receiving ART compared with those in Eastern Europe or Central Asia ( predominantly drug use), where only 23% of eligible persons were receiving ART [4] .
In this trial, the incentive was designed to compensate a day's wage of the average DU in Chennai [19] . Moreover, incentives were provided as food and household goods, providing benefit for participants' families as well. This modest incentive had a meaningful impact on linkage to care, ART initiation, and retention in care; DUs in the INC arm also had more visits to government ART centers. These findings illustrate the potential of voucher incentives to improve multiple steps along the HIV care continuum. This is not the first study to evaluate incentives to improve HIV-related outcomes. Studies from Africa demonstrated that modest incentives increased rates at which individuals returned for HIV test results [13] and were associated with lower HIV prevalence among school girls [21] . Studies have also evaluated incentives for medication adherence (using electronic pill dispensing devices) [16] and viral load reductions [22] . To our knowledge, there are no completed studies reporting impact of incentives on linkage and retention. However, there are large ongoing studies, such as the HIV Prevention Trials Network 065 (TLC-Plus) [23] and the Clinical Trials Network 0049 (Project Hope) [24] protocols, which incorporate incentives to improve treatment engagement and outcomes.
It is important to note that despite significantly better retention in care, our study failed to detect differences in viral suppression to corroborate differences observed in ART uptake. There are multiple possible explanations for this. It is possible that some participants in the INC arm obtained ART prescriptions to earn the incentive, but did not take medications as prescribed. This is particularly worrisome, as suboptimal adherence results in the emergence of drug-resistant variants that could compromise efficacy of the ART regimen [25] and also result in the transmission of drug resistance. We intended the incentives for viral suppression to motivate adherence, but this outcome may have been too remote from the day-to-day adherence required to achieve viral suppression. Behavioral research suggests that immediate incentives are more effective than delayed ones [26] .
Attending a government ART center, initiating ART (ie, having ART prescribed), and refilling ART on schedule are discrete, verifiable events that lend themselves as behavioral targets for incentives. In contrast, viral suppression requires consistent daily adherence with medications. Alternative approaches to fostering optimal adherence may be needed, including patient education, outreach or peer-support systems, or incentives that more directly capture medication adherence such as incentivizing directly observed therapy or presence of antiretroviral drugs in blood/urine. Future studies should explore both incentivizing more directly adherence and potentially combining incentives with other interventions to promote adherence to avoid unintended consequences of incentives (eg, emergence of drug resistance).
Another possible explanation for the lack of difference in viral suppression is that participants did not take any of their doses and sold prescriptions to pharmacies (as is possible in India) or on the street. Although this scenario would be less likely lead to drug resistance, it would be associated with higher levels of mortality as observed in this trial. Preexisting antiretroviral drug resistance may have also limited the virologic and immunologic responses to ART. However, this seems unlikely given the low prevalence of pretreatment HIV drug resistance [27] , as among DUs it would be expected to be even lower, given low penetration of ART.
Even with the positive impact of the voucher incentives on linkage to and retention in care in this trial, we observed an extremely high mortality rate (MR) of 17.9 per 100 py, the strongest predictor being lower CD4 + counts. However, it is important to note that a prior analysis in this same population in 2005-2006 demonstrated even higher mortality among DUs with advanced HIV disease (MR, 34.5 per 100 py). Moreover, a third of the participants never visited a government center despite being referred. Common reasons cited for nonattendance were "not interested to visit ART center" and "don't want to initiate ART," suggesting that treatment literacy interventions should also be included as part of any intervention package. Last, the relatively higher retention rate observed in the CTL arm at all study visits was an unexpected finding but may have been a function of the study design, reflecting that participants in the INC arm were not incentivized for attending study visits. Thus, participants in the INC arm who did not achieve their targets might have opted not to attend study visits because no incentive would have been received. By contrast, participants in the CTL arm had opportunities to win prizes at all study visits regardless of their health-seeking behaviors.
This study was limited by small sample size, which restricted our ability to examine differences in biological outcomes. The generalizability of these findings to DUs in other parts of the world or other populations in India is also limited. However, the use of a randomized design and an active control arm reinforce the validity of these findings. Another limitation was the lack of a comparator arm where no incentives were given. Such an arm would have permitted us to observe the impact of incentives not linked to achieving any targets (CTL arm) on uptake of ART; however, our design was intended to provide a conservative estimate of the potential benefit of an incentive intervention because the control condition included nonspecific benefits for participating in a study where random prize drawings were incorporated into study visits.
In conclusion, although this pilot RCT failed to detect differences in viral suppression, it demonstrated that modest voucher incentives played a role in modifying health-seeking behaviors by improving linkage and retention in care (essential first steps in the pathway to viral suppression) among HIV-infected DUs in low-and middle-income countries, a population with high disease burden and low ART uptake. Additional studies will be needed to characterize the steps in the care continuum where incentives may be most beneficial and to develop integrated multifaceted interventions to engage and retain marginalized populations of HIV-infected persons in care.
Notes
